Background: Primary biliary cirrhosis (PBC), a chronic cholestatic liver disease, is frequently associated with severe hypercholesterolaemia but the clinical significance of this finding is unclear. Aims: To characterise changes in serum lipid profile over time and to assess the risk of cardiovascular disease in PBC. Subjects and methods: We studied a cohort of 400 PBC patients for 6.2 years (range 4 months to 24 years) by serial determinations of serum lipid levels and registration of all cardiovascular events. Subjects included in an Italian prospective population based study served as controls. Results: At presentation, 76% of patients had serum cholesterol levels >5.2 mmol/l. Hyperbilirubinaemic patients had higher total cholesterol and lower high density lipoprotein (HDL) cholesterol levels (p<0.001). With time, disease progression was associated with a reduction in total (p<0.001) and HDL (p<0.05) cholesterol. The incidence of cardiovascular events was similar to that of the general population (cerebrovascular events: standardised ratio 1.4; 95% confidence interval 0.5-3.7; coronary events: 2.2; 0.9-4.3). Hypertension was associated with an increased risk of cardiovascular events (3.8; 1.6-8.9). Association with moderate hypercholesterolaemia was of borderline significance (3.8; 0.9-17) whereas severe hypercholesterolaemia was not associated with increased risk (2.4, 0.5-11). Conclusions: In PBC, serum cholesterol levels markedly increase with worsening of cholestasis, and decrease in the late disease stages, despite a severe reduction in biliary secretion. Marked hypercholesterolaemia, typical of severe longstanding cholestasis, is not associated with an excess risk of cardiovascular disease while less advanced patients with moderate hypercholesterolaemia are exposed to an increased cardiovascular risk. Putative protective factors in PBC patients with severe hypercholesterolaemia should be assessed.
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In the general population, hypercholesterolaemia is associated with increased morbidity and mortality from cardiovascular disease, 10 and a relationship between cholesterol levels and cardiovascular disease, with higher risks affecting subjects with severe hypercholesterolaemia (>280 mg/dl), has been established. 11 Middle aged and elderly individuals are particularly exposed to increased cardiovascular risk. 11 As PBC is usually diagnosed in the fifth or sixth decade, hypercholesterolaemia may reasonably be expected to also involve a substantial risk of cardiovascular diseases in these patients. The risk of cardiovascular disease in PBC has been investigated in a few studies 7 12 but an increase in related mortality was not demonstrated. Such data however were obtained retrospectively, and the incidence of non-fatal cardiovascular events in PBC was not addressed. Such information is important because studies restricting their scope to fatal cardiovascular events may be subject to bias due to selective removal of patients dying from liver disease. 13 We have studied a large cohort of PBC patients who consecutively attended our clinic from 1974 to evaluate changes in serum total and HDL cholesterol concentrations over time, and to assess whether hyperlipidaemia is associated with an increased incidence of cardiovascular events. Follow up of patients, with clinical and laboratory assessments performed at the same centre, included serial determinations of lipid distribution and recording of all clinically relevant, both fatal and non-fatal, cardiovascular events.
METHODS

Patient population and study design
All patients who consecutively presented to the study centre at the San Paolo Hospital, Milan, from June 1974 to December 1997 were included in the study. Follow up was stopped in December 2000. Patients fulfilling the following widely accepted diagnostic criteria for PBC were included: presence of cholestatic liver disease for at least six months; liver biopsy compatible with PBC and a positive test for antimitochondrial antibodies; serum alkaline phosphatase levels at least 1.5 times the upper limit of normal values; and absence of biliary obstruction, as assessed by ultrasonography, computed tomography, or endoscopic cholangiography.
A total of 400 unselected patients were studied over a median follow up period of 6.2 years (range 4 months to 24 years), corresponding to an overall period of 10.4 years (range 4 months to 34 years) since clinical onset of disease. The study centre acted as a primary, secondary, and tertiary referral centre on a nationwide basis. Patients were visited at least every six months at the outpatient clinic, and a complete biochemical evaluation was performed in the hospital laboratory at each visit. When hospitalisation was required, either for liver related problems or for comorbid disease, it generally took place in one of the hospital divisions where patients could be followed by the same clinicians in charge of the PBC population throughout the study period. This was the case in 24 of 26 patients who were hospitalised for cardiovascular events.
The present study was based on analysis of observational data prospectively collected from each patient in a clinical database specifically characterising the clinical course of the disease, with special interest in all comorbid events. Such information was acquired with the aid of checklists and included history, symptoms, clinical findings, comorbid diseases, and any data from laboratory or other diagnostic investigations obtained at the time of the initial visit and during follow up. All data were reported on detailed clinical records and personal computer data base files, which were updated yearly.
Among the 400 patients included in this cohort study, 215 patients were administered ursodeoxycholic acid (UDCA) 10-12 mg/kg body weight for at least one year for the treatment of liver disease, and 34 patients received cholestyramine for the treatment of pruritus. Median duration of bile acid treatment was 3.7 years (range 1-11). As UDCA and cholestyramine may influence cholesterol metabolism, [14] [15] [16] [17] only determinations obtained before starting treatment were considered in the study of changes in serum cholesterol levels over time. To reduce individual variability and overcome regression to the mean effects, the average values of the first three determinations of total and HDL cholesterol obtained during the first year of follow up were considered as baseline levels. Serum lipid profile (total cholesterol, HDL cholesterol, and triglycerides levels) at presentation or during follow up was stratified according to Mayo risk score values calculated at the time of presentation. 18 Risk score values were stratified according to probability of survival (low, intermediate, and high risk), as suggested by Grambsch and colleagues. 19 Serum lipid profile was also stratified according to serum bilirubin levels, below and above the upper limit of the normal range (<19 µmol/l or >19 µmol/l) as serum bilirubin is a specific biochemical marker of cholestasis in PBC. 20 All blood samples were collected in fasting individuals and analysed by routine clinical methods at the hospital laboratory. Calculation of low density lipoprotein (LDL) levels was based on determination of total and HDL cholesterol and triglyceride values-that is, the sum of HDL cholesterol and triglyceride values divided by six was subtracted from total cholesterol values.
Both fatal and non-fatal coronary and cerebrovascular events were considered in the assessment of cardiovascular risk. Specific diagnoses, according to the WHO international codes, were the following: acute myocardial infarction and ischaemic heart disease (WHO ICD-9-CM codes 410-414) for coronary events, and ischaemic and haemorrhagic stroke and transitory ischaemic attack (codes 431-438) for cerebrovascular events. Coronary and cerebrovascular events observed in PBC patients during follow up were compared with data collected during the first three years (1983) (1984) (1985) of the MONICA (Monitoring of Cardiovascular Diseases) project for Central Italy. 21 In that study, 197 928 males and 206 338 females, aged 25-74 years, were observed for three years, and data for fatal and non-fatal cardiovascular events occurring among hospital patients and outpatients were collected. Incidence results are expressed as attack rates, which consider not only the first event but also relapses. In the study of the incidence of cardiovascular events in PBC, the time from clinical onset of disease to the last visit was considered. Comparison of the incidence of cardiovascular events between PBC patients and the control population focused on patients aged 25-74 years, corresponding to the ages of the latter population. All analyses addressing the incidence of cardiovascular events were initially performed including patients treated with cholestyramine and were repeated after exclusion of these patients from the data set.
Analysis of the data
Comparison of serum lipid values between PBC patients with serum bilirubin levels of <19 or >19 µmol/l at the time of presentation was performed using the Mann-Whitney test. Serum lipid values at the first and last follow up determinations were compared using the Wilcoxon signed rank test.
To assess the presence of a gradient across more than two groups of patients arrayed in a prespecified order, the Kruskal-Wallis test, a non-parametric analysis of variance, was preliminarily performed on the variable of interest, followed, in the case of a significant result, by a nonparametric test for trend. 22 Age and sex specific attack rates for coronary and cerebrovascular events observed in the control population were used to calculate the number of expected events in PBC patients using indirect standardisation procedures. The ratio between observed and expected events and 95% confidence interval was calculated assuming a Poisson distribution of cardiovascular events. 23 Cumulative proportions of PBC patients developing a cardiovascular event were estimated by means of the Kaplan-Meier approach using the date of presentation as the starting point.
The log rank test was used to assess differences among groups of patients defined by levels of serum cholesterol at presentation (<5.2 mmol/l; 5.2-6.5 mmol/l; 6.6-7.8 mmol/l; >7.8 mmol/l). Univariate analyses of different risk factors for cardiovascular events were performed using the log rank test. The proportional hazards Cox model was used to assess within the framework of multivariate analysis the effects of the risk factors associated (p<0.20) with cardiovascular events at univariate analysis.
When incomplete data were available on variables conveying important prognostic information, a best case/worst case analysis was performed. According to this approach, the effects of missing information are estimated comparing results from two analyses: one assuming that lacking data were in the best prognostic class and the other assuming they were in the worst. All statistical analyses were two sided and were made using Stata Statistical Software (Stata Corporation, College Station, Texas, USA).
RESULTS
Patient characteristics at the time of the first visit are reported in table 1. Patients with abnormal serum bilirubin concentrations showed significantly higher levels of serum total cholesterol (6.8, range 2.0-26.8 mmol/l v 6.2, range 3.0-11.1 mmol/l; p<0.001) and triglycerides (1.4, 0.4-5.5 mmol/l v 1.2, 0.3-5.3 mmol/l; p=0.004), and significantly lower levels of HDL cholesterol (1.3, 0.1-3.7 mmol/l v 1.5, 0.6-2.9 mmol/l; p<0.001) compared with patients with normal bilirubin values.
Decreasing levels of HDL cholesterol were observed among patients grouped according to disease progression, as assessed by the Mayo risk score (fig 1) . Changes in total and HDL cholesterol over time showed a significant gradient across Mayo risk score groups, with patients characterised by more severe disease presenting greater reductions. Serum triglyceride levels did not change significantly during follow up.
At the end of the study, 197 patients were alive and attending regular follow up, 105 had died (80 from complications of end stage liver disease, 25 from other causes), and 28 had undergone orthotopic liver transplantation. In the remaining 70 patients, who at any time had discontinued regular follow up, information on clinically relevant events were obtained by telephone interview and examination of hospital records. During the overall follow up period, 28 cardiovascular events (16 coronary and 12 cerebrovascular events) occurred in 26 PBC patients with an overall incidence of 5.2 events per 1000 patient years. Three of the above cardiovascular events were fatal (3% of all deaths). The main characteristics of patients who died from a cardiovascular event are reported in table 2. The number of expected fatal and non-fatal events and the standardised event ratio are reported in table 3. . 19 The trend towards increasing levels of total cholesterol was not significant (p=0.260). During follow up, greater reductions in serum lipids tended to occur among patients with more severe disease (significant trends for reduction of total cholesterol, p<0.001, and of HDL cholesterol, p=0.010). The last serum lipid determination was obtained before starting ursodeoxycholic acid or cholestyramine treatment. Average values of the first three lipid determinations, obtained during the first year of follow up, were considered baseline levels. Values are mean (SD). CI, confidence interval.
The cumulative incidence of cardiovascular events differed significantly (p=0.050) among patients showing different levels of serum total cholesterol at the time of the first visit ( fig  2) . The incidence was higher in patients, with values ranging from 6.5 to 7.8 mmol/l, while patients with levels higher than 7.8 mmol/l did not differ substantially from normocholesterolaemic patients. Among the total serum cholesterol groups, the proportion of patients with more severe cholestasis, as reflected by serum bilirubin values above 34 µmol/l, was significantly different (serum cholesterol <5.2 mmol/l, 26%; 5.2-6.5 mmol/l, 12%; 6.6-7.8 mmol/l, 22%; >7.8 mmol/l, 39%; p<0.001). HDL and LDL cholesterol levels, total to HDL cholesterol ratio, and HDL to LDL cholesterol ratio were not associated with an increased incidence of cardiovascular events.
Apart from serum total cholesterol levels, hypertension (p<0.001) showed a significant association with incidence of cardiovascular events on univariate analysis. Cigarette smoking (p=0.135) and diabetes (p=0.191) were also weakly associated with cardiovascular events. The results of the multivari-
When patients treated with cholestyramine (n =34) were excluded from analysis of cardiovascular events due to a possible protective effect of the resin, the results did not change.
DISCUSSION
In the present study, we have provided data on changes in serum lipid levels and their clinical significance in a wide cohort of patients with PBC who were followed up at the same centre for up to 20 years. At time of the first visit, more than 75% of patients with this chronic cholestatic disease showed serum total cholesterol levels above 5.2 mmol/l (200 mg/dl). More marked alterations in serum lipid profile were detected in patients with more advanced disease, as assessed by serum bilirubin values, mainly reflecting the severity of cholestasis, and by the Mayo risk score, a validated prognostic index in PBC. At time of the first visit, HDL cholesterol displayed a different pattern from total cholesterol, which was characterised by decreased, rather than increased, values in patients with more advanced disease. Similar results were also reported in previous studies based on cross sectional evaluation of PBC patients. 5 7 In the present study, we have shown that a progressive decrease in both total and HDL cholesterol occurs over time, and that such changes are more prominent in patients with more advanced disease. Overall, these findings indicate that, paralleling the development of cholestasis, an increase in serum cholesterol initially occurs, which is followed by a trend towards decreasing values with further worsening of liver disease. This suggests that progressive loss of liver synthetic activity and impaired intestinal lipid absorption, which characterise PBC during its late stages, may overcome the lipid raising effect of chronic cholestasis. Compared with total cholesterol, the decrease in HDL cholesterol levels occurs earlier in the clinical course of PBC, and further studies addressing the use of this determination as a marker of disease progression are warranted.
Despite marked hypercholesterolaemia, excess mortality from cardiovascular diseases was not found in our PBC population. This finding is in agreement with other studies, and led some investigators to surmise that PBC patients may even be protected from cardiovascular disease. 7 12 24 It should be highlighted however that relying solely on mortality figures in the assessment of risk from a comorbid condition may be misleading in patients affected by a chronic, ultimately fatal disease. 13 In fact, patients at risk of cardiovascular disease may be progressively removed from subsequent follow up due to the competing risk of the underlying liver disease. Such selection artefacts may have been limited in our population by accurate detection of non-fatal earlier comorbid events. Close patient follow up at the same centre, with immediate recording of any clinically relevant event, allowed us to reliably estimate for the first time the incidence of non-fatal cardiovascular events in PBC. The present data suggest that despite the high prevalence of hypercholesterolaemia, patients with PBC are not exposed to a higher risk of cardiovascular events than the general population. Active patient observation that may condition differential detection rates of clinical events in diseased patients and in the general population 25 may be the most likely explanation for the incidences of coronary events that appeared to be slightly higher and of borderline significance in PBC. However, it should be noted that, as indicated by the confidence intervals, the number of cardiovascular events that occurred in the PBC cohort may not be large enough to definitely exclude an association between PBC and cardiovascular morbidity. Finally, the possibility remains that active follow up of our patient cohort favoured more prompt recognition and treatment of risk factors other than hypercholesterolaemia, resulting in more effective prevention of cardiovascular events in PBC than in the general population. Analysis of risk factors for cardiovascular events shows that, as it occurs in the general population, hypertension retains a significant role in PBC. Interestingly, the effect of hypercholesterolaemia as a risk factor in the disease seems to be restricted to patients with moderate elevations in serum cholesterol levels-that is, between 5.2 and 6.5 mmol/l (200 and 250 mg/dl)-while patients with higher levels have a lower risk. Lack of a continuous relationship between serum cholesterol levels and risk of cardiovascular disease 11 in patients with a high prevalence of severe hypercholesterolaemia suggests that two groups of hypercholesterolaemic patients coexist in the PBC population: a group of patients with hypercholesterolaemia related to cholestasis, and a group with less severe hypercholesterolaemia of familial and nutritional origin. These latter patients, also characterised by less severe cholestasis, are affected by hypercholesterolaemia of the same origin as their counterparts in the general population, and are exposed to the same increased risk of cardiovascular events. More severe hypercholesterolaemia related to cholestasis instead is characterised by a particular lipoprotein pattern, with elevated HDL levels 26 and modified LDL composition (lipoprotein-X), 4 which may be protective against atherogenesis. It is likely that chronic cholestasis and declining liver synthetic activity, with their opposite effects on cholesterol metabolism, offset the predictive value of cholesterol lipoprotein fractions in PBC.
In a recent pilot study, HMG CoA inhibitors proved safe and effective in reducing serum cholesterol levels in patients with PBC. 27 Therefore, from a clinical point of view, differentiating between patients with hypercholesterolaemia of familial and nutritional origin may be important in selecting specific lipid lowering treatments. Such a goal may not be easily achieved in patients with initial cholestasis in whom it may be many years before a typical cholestatic profile of liver function tests develops, thus clarifying the origin of hypercholesterolaemia. Further studies, aimed at identifying some biochemical marker useful to differentiate PBC patients with familial hypercholesterolaemia from those with hypercholesterolaemia associated with cholestasis, are therefore warranted. On the other hand, in PBC patients with severe hypercholesterolaemia, greater insight into the possible antiatherogenic properties of lipoprotein patterns or of other factors that may result in protection at the endothelial surface is needed.
